The researches of Beecher, Walcott and others on the Cambrian brachiopods show that some of these animals are extraordinarily generalized in appearance, in the sense that the body is composed of a large number of homodynamous segments, each equipped with similar appendages. Probably this condition is not as primitive as it looks and it would not be surprising if some day it may be proved that the remote ancestors of the trilobites had only a few segments, perhaps three. But for the purposes of the present paper the many segments of the trilobite Triarthrus may be assumed as the starting-point for the highly differentiated conditions illustrated in the typical crabs; in these some of the segments have fused to form a cephalo-thorax, while the paired appendages are greatly reduced in number but highly differentiated. We may thus take The state or condition of polyisomerism may affect greater or lesser units of structure and it may come after or before anisomerism. A simple ascidian, for example, taken as a whole is highly anisomerous and extremely specialized for sessile life. A single Salpa, which is essentially a floating ascidian, is likewise largely anisomerous; but a Salpa chain is in a high degree polyisomerous and it has arisen through the budding of a stolon put forth by the parent Salpa.
It will be noted that this budding process tends to make the offspring extremely like its parent. In bisexual reproduction, on the other hand, the chromosomes, although polyisomerous in general appearance, unite to produce zygotes, which after passing through new cycles of poly-and anisomerism in development, give rise to individual differences within specific limits. Fromi this viewpoint an ant colony, comprising several classes of related individuals all derived from one queen, is analogous with a complex organism of polyisomerous and anisomerous parts all derived from a single zygote.
Among vertebrates the processes under consideration affect all parts of the growing organism but are especially conspicuous in the integument and in the derm-bones underlying the integument. Usually the histological bases for polyisomerism are too small to be seen with the naked eye; but in the skull of certain highly specialized teleosts, such as Aspicottus, the processes of growth and differentiation have left an easily visible record. Here the centers of growth of the surface bones are revealed by the radiating rows of small bony papillae. The spikes that are characteristic of the cottids are evidently produced by the anisomerous emphasis of the posterior parts of certain otherwise polyisomerous growth centers.
Here we come to the principle that both polyisomerous and anisomerous parts always assume specific or individual characters, which are obviously determined in part by specific or individual hereditary factors. In certain fish skulls the forces that produce polyisomerism and anisomerism have left a record of the facts that they were extended in time4were repeated many times and were subject to recurrent accelerations and retardations. Here anisomerism is evidently due to the acceleration of certain parts of a polyisomerous series. Of course the real problem is, what determines the locus of each particular anisomerism. But while many factors doubtless enter, we cannot question that among these factors are the topographic relations of the part to the midline, together with its reactions to the surrounding parts. A comprehensive review of the history of fish skulls in geologic time2 suggests that in addition to all the secondary factors of position, etc., each bone is the product of certain specific hereditary factors influencing its size, shape, texture and so forth.
Likewise in the field of the morphology of the skull of the tetrapodous vertebrates the concepts of polyisomerism and anisomerism are especially IPROC. N. A. S. Williston. This reduction in number has occurred both by fusion and by elimination; the relatively few bones that remain are now markedly anisomerous (Fig. 1) . This progressive differentiation, or anisomerism, can be seen in all parts of the skull as we ascend the scale of vertebrates from fish to man, but it is especially conspicuous in the history of the upper and lower jaws. The mandible of crossopterygian fishes, as well as of the oldest tetrapods, includes no less than eighteen pieces; in adult man it appears as a single piece representing the co6ssified pair of dentaries of the lower vertebrates. The final dominance of the dentary in the lower jaw is matched by the progressive dominance of the maxillary in the upper jaw, which in the anthropoids and man annexes the premaxilla.
Regional anisomerism, when progressively developed phylogenetically, is measured by the changes in the proportional diameters of any given part. In the series of skulls from fish to man we observe in the later members the anteroposterior shortening and marked down-bending of the face, the vertical expansion of the braincase, the outgrowth of the nose and chin, etc.-all expressions of regional anisomerism.
It is well known that anthropologists have classified human crania according to the proportionate magnitude of one diameter in terms of another and that similar proportional differences of various parts of the head and body are denominated by terms indicating the relative height, width and length. In 1900 Professor Osborn used the terms dolicho-, mesati-and brachy-cephalic to describe the shape of the skull in the phyla of rhinoceroses, and later (1902) he applied the principle in distinguishing the numerous phyla of titanotheres. At first it was thought that dolichocephaly resulted from mesaticephaly by the uniform increase in length of all parts of the skull, but in 1904, as Professor Osborn's assistant, I was able to show that in several test cases the increase in length was not uniform throughout the skull but that the total lengthening took place by the summation of the different proportional increments of each part.3
Professor Osborn later invented the term allometrons to denote proportional measurements that change more or less independently in related phyla, as in the progressively brachycephalic or progressively dolichocephalic descendants of the primitive titanotheres. He also used the term allometry for that mode of evolution which is manifested in allo- It was also believed that dolichocephaly could never give rise to anything but hyperdolichocephaly, but measurements of the skulls of fossil and recent perissodactyls prove that gigantic brachycephalic skulls have been derived eventually from small dolichocephalic skulls of the general type illustrated by known skulls of Lower Eocene perissodactyls (Fig. 2) .
Similarly in the Proboscidea the extremely wide lower tusks of the Platybelodon, or shovel-tusked mastodonts, have evidently been derived from narrow tusks of the Palaeomastodon type. In brief, from the viewpoint of the present paper the phylogenetic principle named allometry by Professor Osborn is a special case of the more inclusive principle of regional anisomerism.
The study of the evolution of the teeth in vertebrates affords many examples of the ways in which a condition of primitive polyisomerism may give rise on the one hand to hyperpolyisomerism, or on the other to infinitely varied manifestations of regional anisomerism, involving changes of proportion, or allometry.
The presumably primitive condition of polyisomerism of the dentition may be seen in such Devonian sharks as Cladoselache, but in general the elasmobranchs run to hyperpolyisomerism.
A moderate degree of polyisomerism of the dentition is retained in the primitive reptiles. In the highly specialized Ichthyosaurus, on the other hand, the dentition has become hyperpolyisomerous. Among the serpents, there is a fair degree of polyisomerism in the pythons but in the highly specialized vipers the dentition is extremely anisomerous.
Among the mammal-like reptiles the cheek teeth early exhibited the phenomenon called cuspidation, which was carried to far greater development among the mammals. Here the growing tip of the dental germ has given off one or more buds, forming accessory cusps. When this tendency is unchecked it gives rise to various forms of multituberculism, or intradental polyisomerism.
In the early mammals the crown of the upper cheek teeth became extended transversely, but the number of main cusps was only three; later a fourth main cusp, the hypocone, was added. Among many lines of ungulates the crowns of the cheek teeth then lengthened anteroposteriorly. In certain lines of artiodactyls there was also a marked tendency for the sprouting of extra cusps and cuspules. In the family of the pigs the molar crowns lengthened rapidly anteroposteriorly, the main cusps tended to break up into cuspules and finally in the wart hogs the accessory cusps or conules greatly increased in number (Fig. 3, F, G) .
The conules in the molar teeth of the more specialized Suidae are similar to those which appear (Fig. 3, F Conclusions.-In conclusion, polyisomerism results from processes of cell division, budding or reduplication, anisomerism from heterogony, which implies regional or selective acceleration or retardation of polyisomerous units. The forces that produce polyisomeres are extended in time, repeated more or less frequently and subject to rhythmic acceleration and retardation.
The allometrons of Osborn, which imply phylogenetic changes in proportional diameters of any given organ or region, are an expression of anisomerism, or regional emphasis. The aristogenes of Osborn are polyisomeres, as in the added plates and conules of proboscidean molars; some of his rectigradations are polyisomeres, as in the case of new cusps, e.g., metastylids, added in similar positions in the cheek teeth of various perissodactyls; others, like the paired supraorbital swellings at the junction of the frontals and nasals in titanotheres, are anisomeres. The addition of conules and plates is bound to change the contour of a tooth and the outgrowth of horn swellings induces notable changes in the proportions of the skull roof. In other words, allometry is inextricably associated with rectigradation and both are special cases of polyisomerism and anisomerism.
Anisomerism results from unbalanced or disharmonic polyisomerism. When the dental lamina continues to bud off new teeth we call this condition polyisomerism. If, however, one tooth germ buds off an extra cusp, or if one cusp grows larger, it produces an effect of anisomerism or disharmony. A continuation of the process of budding off new ridges or cusps produces the condition here called intradental polyisomerism, as in the sectorial premolar of many multituberculates or in the many-plated molars of capybaras and proboscideans.
The morphological condition here termed polyisomerism occurs in all grades of organization from intra-atomic units to super-galaxies. Polyisomerism and its opposite derivatives, anisomerism and hyperpolyisomerism, evidently make possible the almost infinitely varied structural and physiological combinations that are recorded in the millions of varieties of plants and animals.
Adaptive radiation seems to have resulted from the summation along divergent lines of the results of secular polyisomerism, anisomerism and hyperpolyisomerism, while the production of allometrons, rectigradations and aristogenes appears to have been incidental to the same process. Inspection of the paleontologic history of many phyla shows that when certain members of a series of polyisomeres have been subjected to in-.
creasing stresses through long periods of geologic time, they have often become enlarged, strengthened or fused with their neighbors and have thereby passed into a state of anisomerism. Thus taxonomy, paleontology, comparative anatomy, genetics, experimental biology, physiology and allied sciences may find new common grounds in tracing the history and behavior of polyisomeres, anisomeres and hyperpolyisomeres.
